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ABSTRACT 
Muskrat Population Levels and Vegetation Utilization : 
A Basis for an Index 
by 
Thomas R. McCabe, Doctor of Philosophy 
Utah State University, 1982 
Major Professor: Dr. Michael L. Wolfe 
Department: Fisheries and Wildlife Science 
Muskrats (Ondatra _zibethicus) are associated with marshlands 
throughout North America. Their impact on marsh vegetation is 
well documented. In recent years, research pertaining to marsh 
ecosystems has emphasized the role of interspersion of marsh 
vegetation to higher faunal diversity and productivity. Muskrats 
can provide a natural control of aquatic emergents if mana ged 
properly. Experimentation at Fish Springs National Wildlife 
Refuge, Utah, has attempted to ascertain whether 
vegetation-utilization index could be used for determining 
muskrat population levels and to evaluate the impact of muskrats 
on their primary food resource, Olney's bulrush (Scirpus 
americanus). 
Three known populations of muskrats were maintained within 
wire-mesh enclosures 0.4-0.9 ha in size. Variable length 
transects were used to estimate the number of grazed stems of 
xiv 
Olney's bulrush present in an enclosure for a 5-day period. 
Estimated number of grazed stems was divided by muskrat-days to 
give an est imate of the number of grazed stems muskrat-1 day-1. 
A consistant relation between the known mus krat population and 
the number of stems grazed muskrat- 1 day- 1 {23 .0) was f ound, 
indi ca ting that a valid index could be 
vegetation utilization data. 
formulated using 
Assessment of plant species utilization was analyzed from 
dietary composition obtained from stomach contents. Olney's 
bulrush was the most utilized food resource. Phragmit es 
{Phragmites australis) was the most utilized resource in the 
absence of bulrush. The potential effects of muskrat grazing was 
determined using exclosures in homogeneous stands of the above 
vegetation. A 4x4 randomized block design with varying levels of 
simulated grazing was employed for monthly replications during 
the growing season for 2 years. Effect of repeated grazing was 
found to be highly significant for clipping rates within and 
between months for both years. Vegetative yield was measured as 
mean dry weight (g) per stem per plot. Significant differences 
in yield were noted among the grazing rates. Repeated grazing of 
emergent vegetation by muskrats can have a marked effect on the 
pla nts' ability to grow. 
(125 pages) 
INTRODUCTION 
The muskrat (Ondatra zibethicus) is a substantial part of 
the fur trade in North America. Millions of muskrats are 
harvested annually by professional and sport trappers in nearly 
every state in the Union. As many as 85,000 muskrats have been 
harvested annually in Utah (Low 1949), a state that ranks 38th in 
muskrat production (Deems and Pursley 1978). Because muskrats 
have great economic and recreational value, maintenance of a 
population that is in balance with its food resource frequently 
is an integral part of marsh management. 
Muskrat populations are often associated with extensive 
marshes that are managed either privately or by state or federal 
refuge personnel. A responsibility of most wetland refuges is to 
maintain the marshes at their maximum potential for perpetuating 
the wildlife resource. In order to provide this experience, 
management must encompass broad-spectrum marsh ecosystem 
approach~ Any management plan oriented toward maintaining 
marsh at a level of high productivity and species diversity must 
take into account the relationship of muskrats to the rest of the 
marsh ecosystem. Muskrats can have a profound effect on the 
habitat they occupy. Vegetation eat-outs, " the destruction 
of marsh vegetation that results from high populations of 
muskrat s .• • " {Sipple 1979:59), are recorded in nearly every 
study of muskrat habitat utilization {Errington 1963, Sipple 
1979). 
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Recent research on marsh ecosystems has emphasized the role 
of interspersion of marsh vegetation. Weller and Spatcher (1965) 
found that maximum bird populations and species diversity 
occurred when a well interspersed cover to water ratio of 50:50 
was reached. They coined the term "hemi-marsh" to describe this 
condition (1965:4). 
Fresh-water marshes found in the western and prairie regions 
of North America are generally dynamic, shallow-water ecosystems 
that are subject to short-term (3-7 yrs, Weller 1975) cyclic 
fluctuations in vegetation structure and composition, dictated by 
annual precipitation levels. On managed marshes, fluctuations 
can be controlled through the use of water control structures. 
Van der Valk and Davis (1979) documented 5 phases of the marsh 
cycle. A cycle is initiated by drought or drawdown, which allows 
germination of annual and perennial vegetation. During the 
second phase, the reestablishment of higher water levels enhances 
emergent plant growth and eliminates annuals. Muskrats reinhabit 
the marsh with the return of adequate water levels. Muskrat 
population growth occurs during Phases 3 and 4, initiating and 
maintaining the hemi-marsh condition when muskrats create 
openings in the emergent vegetation. If uncontrolled, the 
muskrat population will eventually eliminate nearly all of the 
emergent cover leaving the marsh in its final, marginally 
productive , open-water stage. 
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Because the hemi-marsh repeatedly has been shown to have 
greater faunal species diversity and productivity than any phase 
of the marsh cycle (Weller and Fredrickson 1974, Bishop et 
al. 1979), prolonging this stage is often the goal of marsh 
management. Muskrats are a dominant force in creating and 
ultimately destroying the hemi-marsh condition (Weller 1978). 
Therefore, managed muskrat populations could provide natural 
regulating mechanisms for marsh vegetation in addition to 
providing increased trapping opportunities. 
Proper management of a species necessitates knowledge of 
animal density and its impact on the habitat. Obtaining accurate 
and precise estimates of population size has been a problem 
plaguing both research and management. Many estimation 
techniques have been proposed, reexamined, or modified in the 
past several decades in an attempt to alleviate this problem 
(Smith et al. 1975). 
Several methods of estimating muskrat populations have been 
developed based on counts of muskrat lodges; including 
, trip-counts, road counts, and aer i a 1 surveys. In each method, 
the number of houses was multiplied by some average number of 
animals per dwelling (Lay 1945a, Dozier 1947, Harris 1952, 
Bednarik 1956). Although widely used because of expediency, such 
methods of estimation have proven to be totally unreliable 
because of a myriad of potential biases (Sather 1958). The house 
count method is completely inadequate in marshes, such as those 
4 
at Fish Springs National Wildlife Refuge (NWR) in Utah, with 
relatively stable water levels and adequate banks for denning. 
Errington (1943) utilized the mark-recapture method to 
estimate muskrat populations. This method appeared to be more 
accurate than the house counts, but was also subject to numerous 
biases not to mention the logistical impracticality for 
management. Although some of the more recent estimators are 
purported to be sensitive to the underlying assumptions of 
heterogeneity, trap response, movement, and dynamics inherent 
within wild populations (Otis et al. 1978), none of these has 
been applicable to marsh ecosystem management. 
Their small size and behavioral characteristics make 
muskrats extremely difficult to census with any degree of 
accuracy. Therefore, an indirect method for estimating their 
population size is a practical necessity. The impact muskrats 
can have on marsh vegetation could provide the indirect measure 
needed to estimate muskrat numbers. 
Use of vegetation as an index to animal population levels is 
not a new concept in wildlife science. Rasmussen and Doman 
(1943) suggested that forage intake for mule deer (Odocoileus 
hemionus) is relatively constant factor as is forage 
production. McCain and Taylor (1956) proposed the use of a key 
forage species- a species constituting the preponderance of the 
diet- as an index to population levels. A great deal of effort 
was expended in attempting to validate the relationship of 
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vegetation utilization to actual population size. The critical 
assumption for this type of index is that utilization of the 
vegetation reflects some direct, proportional relation to the 
population level to which it is attributed (Wolfe 1976). 
In theory, the use of vegetation indices is ideal for the 
manager. By measuring utilization rates on vegetation, both the 
condition of the key forage resource and the animal population 
size can be deduced. The manager is then in a position to make 
competent decisions regarding the welfare of both the onimals and 
the vegetation. 
This project attempted to determine whether strong 
correlation exists between the density of muskrats and their use 
of a key forage species. Such a relationship could provide a 
basis for an index of muskrat density. Both the condition of the 
marsh vegetation and the relative muskrat population size could 
be determined simultaneously with a simple assessment of the key 
forage plants. 
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OBJECTIVES 
The primary objectives of this study were to (1) determine 
whether a consistent relationship could be measured between 
muskrat populations and a vegetation utilization index such that 
an accurate population estimator could be formulated from the 
indices; and (2) determine the potential effect on the growth and 
productivity of key plant species caused by muskrat grazing . 
Three field problems were formulated to obtain data to satisfy 
the objectives of the study: 
1) Determine the average regrowth length of 
clipped stems in a given time interval to 
provide a standard for grazing data collection. 
2) Determine the number of stems grazed per 
muskrat over a given time interval. 
3) Determine the effects of simulated muskrat 
grazing on the growth of key species that 
were clipped at varying intensities during 
the field season. 
The experimental design was two-fold: one segment dealt 
with measuring grazing rates of known muskrat populations within 
3 enclosures; the second was measuring the effects of various 
simulated grazing rates on the muskrat's primary food resources, 
Olney's bulrush (Scirpus americanus) and phragmites (Phragmites 
austral is). To determine the rate at which muskrats graze, known 
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population levels of muskrats were established within enclosures 
and transects were conducted in the marsh vegetation to census 
the number of grazed stems. Enclosures were constructed to 
minimize the confounding effects of ingress and egress from the 
surrounding habitat. The simulated grazing experiment was 
conducted within exclosures constructed to prevent actual muskrat 
grazing activity from interferring with the experiment. 
Monitoring the effects of simulated grazing provided the basis 
fur assessing the damage and potential recovery capabilities of 
Olney's bulrush and phragmites. 
To test the field problems, a research 
within muskrat habitat that permitted 
site was selected 
the construction of 
experimental exclosures and enclosures. To obtain data on the 
relationship 
as well as 
parameters 
between muskrat numbers and the vegetation indices, 
the effects of grazing, vegetation-uti! ization 
were measured under controlled conditions. The 
vegetation-uti! ization index was derived 
rates of known numbers of muskrats. 
by measuring grazing 
Grazing effects were 
analyzed from simulation grazing tests in homogeneous stands of 
key forage plants. 
Field problems 1 and 2 incorporated several experimental 
techniques including determining population composition, 
qualitative and quantitative grazed-stem regrowth rates, forage 
species preferrence from stomach contents, and estimating number 
of stems grazed per area. Results from these procedures were 
8 
comb ined to satisfy the first study objective. 
The third field problem involved the measurement of 3 
v~getative attributes: (1) number of stems grown within an 
experimental quadrat, (2) mean dry weight per stem within the 
quadrat, and (3) residual effects of grazing as measured by the 
number of stems present in the same quadrats at the beginning of 
each field season. The combined results of the vegetative data 
were considered a measure of plant productivity and, therefore, 
were used to satisfy the second study objective. 
The various experiments within the field problems were 
conducted concurrently during the field seasons. Individual 
methods and results for each subsection are repor·ted separately 
to provide more clarity. 
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STUDY SITE 
Fish Springs National Wildlife Refuge 
Research was conducted on the 4000 ha of marsh at Fish 
Springs NWR, Utah. The refuge is located in Juab County on the 
southwest edge of the Great Salt Lake Desert (Fig. 1). Situated 
on a fault 1 ine at the base of the Fish Springs Mountain Range, 
this isolated marsh is fed by 11 major springs that maintain a 
constant year-round flow of water. The springs inundate a 
confined area approximately 9.5 by 5.0 km within which there are 
natural depressions and control features that create the 
expansive marshland. 
Upland vegetation of Fish Springs NWR is characteristic of 
the cold-desert climax community (Cronquist et al. 1972), with 
climati c conditions of the continental type (Shearer 1956) having 
an average annual precipitation of 18.1 em and an average mean 
temperature of 10.7° C (range -26.1 to 42.7° C). Plant 
communities on the refuge include desert upland, emersed-soil 
grasses, emergent aquatics and submergent aquatics (Bolen 1964). 
Describing 
stated: 
the f1 ora of Fish Springs NWR , Bolen (1964 : 149) 
"If 
descri ptive 
a single species were to be designated as 
of the marshes, it would be Scirpus [americanus] 
olneyi." Other marsh plant communities include Juncus spp. , Typha 
spp ., Phragmites sp. and Ruppia sp. 
FISH SPRINGS NATIONAL WILDLIFE REFUGE, UTAH 
UTAH 
Figure 1. Fish Springs National 
W1ldlife Refuge, Juab 
county, Utah. 
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Muskrats were introduced to Fish Springs NWR around 1925 and 
subsequently were trapped until 1975. The estimated muskrat 
population size was 12,000-18,000 in 1978 (R. Kraft, Fish 
Springs 
1 imited 
NWR Refuge Manager, Pers. 
trapping (about 200-300 
Comm. ). From 1975-1979, only 
musk rats/year) by refuge 
personnel occurred to prevent damage to dikes and around water 
control structures. In 1980, trapping was again instituted on a 
commercial basis with 1,750 muskrats trapped on the refuge. 
Two unique aspects of this muskrat habitat are its isolation 
from other populations of muskrats and the paucity of natural 
predators. No immigration or successful emigration by muskrats 
is possible, because of the hostile environment (mountains and 
alkali flats) that surround the marshes for at least 70 km in all 
directions. Perhaps because muskrats were not indigenous to this 
area, few natural enemies are evident. Mink (Mustela vison), the 
most efficient predator of muskrats (Errington 1943), and red 
foxes (Vulpes fulva) do not occur at Fish Springs NWR. The few 
coyotes (Canis latrans) and resident or migratory raptors that 
are present could have only a minimal impact on the muskrat 
population. 
Harrison Unit 
The experiments were conducted in Harrison Unit, located on 
the northwest corner of the refuge. It incorporates 433 ha of 
mostly desert upland and a seasonally inundated old lake playa. 
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Drainage from North Springs creates a shallow marshland along the 
sloughs radiating from the spring. Closed stands of Olney's 
bulrush dominate the aquatic vegetation (Bolen 1964) with only 
small, isolated colllllunities of cattail (Typha angustifol ia) 
existing in zones of deep water or alkali bulrush (S. maritimus) 
in zones of moist soil banks. Wigeon grass (Ruppia maritima) is 
the predominant submergent species, although coontail 
(Ceratophyllum demursum) appeared to be encroaching. Coontail 
covered 1 arge areas of marsh bottom where previously only " 
infrequent and scattered individuals ... " (Bolen 1964:150) were 
present. 
Sloughs are bordered by short, but distinct vertical banks 
20-100 em high. The marsh borders are vegetated primarily by 
dense stands of either salt rush (Juncus balticus) or phragmites. 
Stands of phragmites along borders of marsh are usually dense and 
exclude other vegetation, creating what has been termed a 
phragmites jungle (Sowls 1955). Mixed communities of saltgrass 
(Distichl is spicata) and pickleweed (Allenrolfea occidental is) 
occur where the desert upland borders directly on the slough. 
Various annuals invade small disturbed areas along the 
watercourse, but except for milkweed (Asclepias speciosa), they 
are not conspicuous. Harrison Unit was chosen as the primary 
study site because it is representative marsh habitat and easily 
accessible, features which were not present in extensive open 
water areas. 
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METHODS 
Vegetation-Utilization Index for Muskrat Populations 
Enclosures. Three populations of muskrats were maintained 
and monitored within experimental enclosures X, Y and Z (Fig. 2). 
Enclosures were established in optimal muskrat habitat . In 
genera 1 "optima 1 habitat" for musk rats consists of "a body of 
fresh water with 1 ittle current and a fairly stable water level 
with banks high enough to permit burrows and a variety of 
aquatic plants such as rushes, cattails ... and water grasses" 
(Freeman 1945:11). 
In an attempt to select areas with similar vegetative , 
physical and spatial qualities, a site was chosen in Harrison 
Unit that allowed the construction of contiguous enclosures . In 
1978, enclosures were constructed with 17-gauge, 2.5 em mesh, 
woven stucco netting and 22-gauge, 2. 5 em mesh, woven poultry 
netting. Stucco netting was buried approximately 0.5 m on dry 
land and up to 2.0 m in marshland to prevent excavation and 
escape of muskrats from the enclosures. It extended 0.5 m above 
ground with poultry netting added to make the enclosure at least 
1.0 m high. Aquatic portions of the enclosures ranged in size 
from 0.4 to 0.9 ha. 
Although galvanized, the stucco netting was subject to 
severe oxidation and breakage in areas of stagnating water. The 
fenc ing broke through at the water-mud interface where the 
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chemical reactions associated with the phosphorus cycle, in the 
presence of hydrogen sulfide, accelerated the erosion of the 
fence (Ruttner 1963). Fences were checked and repaired before 
the beginning of each field season and fence conditions were 
monitored throughout the experiments. 
During the winter of 1978-79, the fences collapsed under the 
weight of detritus that accumulated at the outflow areas. To 
alleviate the problem, paddlewheel devices were fabricated to fit 
inside the constriction of water-flow monitoring flumes that were 
installed at all in- or outflow points (Fig. 2). The flumes 
allowed control of water flow, while the paddlewheels permitted 
passa ge of debris. Less than 3 em of clearance above and below 
the paddlewheel prevented muskrat passage through the devices. 
Population Levels. 
March 1979, allowing 
Enclosures were open during February and 
musk rats to establish initial population 
levels during spring dispersal. In April, enclosures were closed 
and the population within each was monitored by 1 ive-trapping 
with No. 202 single-door and No . 203 double-door Tomahawk 1 ive 
traps (Tomahawk Live Trap Co., Tomahawk, WI). With the exception 
of restricted emigration, muskrats were afforded their natural 
environment. Populations within enclosures were 1 ive-trapped 
periodically to tag unmarked individuals, principally juveniles. 
In October 1979, all muskrats were removed using No . 110 Conibear 
kill traps and No. 1 Stop-loss, leghold traps (Woodstream Corp., 
Lititz, PA) . 
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Design of the 1980 field season was altered from that of 
1979 in order to monitor population levels more closely. 
Enclosures were not opened during winter months, preventing 
normal d i spersa 1 into the area. Instead, muskrats from 
surrounding habitat were captured and then released into the 
enclosures at predetermined densities. Only adult muskrats or 
juvenile muskrats in excess of 600 g were used. Approximately 
equal numbers of both sexes were released in each enclosure. 
Initially the densities assigned to the 3 enclosures were 
25, 12 and 9 muskrats ha- 1, respectively. Because the fences did 
not prevent dispersal completely, the densities of muskrats per 
enclosure were determined at the end of each experimental period. 
At the completion of each 2-week experiment, muskrats were 
collected from within the enclosures using an exhaustive, 
saturation kill-trapping effort. By co 11 ect i ng a 11 musk rats 
immediately after the experimental period, the possibility of 
additional natural mortality or movement was reduced. Recovery 
of all muskrats also assured that the exact number of individuals 
in the experiment was known. 
Capture and Marking Techniques. In 1979, muskrats within 
the enclosures were subjected to periodic 1 ive-trapping. Live 
traps were placed near den entrances, on the side of muskrat 
houses, or adjacent to feed piles. Runway sets were used if 
water depth was less than 3 em. Initially, all but the runway 
sets were pre-baited for several days prior to the trapping 
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period. Apples, carrots and yams were used as bait - yams 
appeared to be the most effective. 
A trapping period lasted 3 consecutive nights. I found that 
animals caught 3 times in succession would not survive the last 
trap night. Therefore, when any individual was caught twice in 
the same trap during the first 2 trap nights, the trap was closed 
to prevent possibility of a third capture. After the initial 
trapping period, traps were closed, but left in place. 
Successful trap locations were maintained, while non-productive 
sites were abandoned and a site with greater potential in close 
proximity was selected. The enclosures were virtually saturated 
with 30-40 ·live traps set in each enclosure, throughout the 
experimental period. 
In 1980, the initial experimental replication was scheduled 
to begin the first week of July, but an unexplained trap 
avoidance resulted in inadequate numbers of muskrats and, thus, 
delayed the start. Using Tomahawk 1 ive traps and baiting in 
optimal muskrat habitat, over 2,000 trap-nights produced only 17 
captures of which 3 were juveniles and 6 were found dead in the 
traps. A capture method utilizing an airboat and spotlights 
proved to be highly successful (McCabe and Elison in prep.), 
consequently eliminating the need to expend excessive amounts of 
time and manpower to obtain study animals. A total of 122 
mu skrats were captured for use in the experiments (Table 1). 
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Table. l . Age and sex of muskrats released into the experimental 
enclosures during tne lY80 field season, July - October. 
Enclosures 
Experiment 
Date Age and Sex X y z 
Adult Male 4 5 5 
Jul y Adult Female 2 5 3 
15-29 Juvenile Male 2 0 0 
Juvenile Female 2 0 0 
Adult Male 5 4 4 
August Adult Female 5 5 4 
12-26 Juvenile Male 0 0 
Juvenile Female 0 0 0 
Adult Male 5 4 
September Adult Female 3 4 4 
l-16 Juvenile Male 0 3 0 
Juveni1 e Female 2 2 0 
Adult Male 3 3 4 
Sept. -Oct. Adult Female 5 4 4 
27-12 Juveni I e ~1a l e 2 2 0 
Juvenile Female 0 l 0 
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Live-trapped or spot-1 ighted muskrats were handled using a 
restraint holder fabricated from welding rods and light canvas or 
nylon cloth (Fig. 3). The handling device held the animal 
firmly, allowing measuring, sexing and tagging to be done with 
minimum trauma to the muskrat and researcher. 
All captured muskrats were marked with 2 numbered, aluminum, 
No. Monel fish tags. In addition, animals in excess of 400 g 
were tagged with correspondingly numbered, aluminum, No. 8906 
wing bands (National Band and Tag Co., Newport, KY). Monel tags 
were attached to both ears (Aldous 1946), whereas the wing band 
was affixed to the right hind leg (McCabe and Winchell in prep .. ). 
Monel tags were used as a safety precaution in case of loss of 
leg bands. The leg bands, because of their size and location, 
were more readily apparent and quickly and easily read. 
Sex and Age Determination. All individuals captured were 
sexed by palpation of the external genitalia (Buss 1941, Dozier 
1953) . Determination of sex in adults was relatively easy 
because of the size and difference of the mature genitalia. 
Sexing juveniles was more difficult, but with careful attention 
and practice they could be classed correctly. Palpation also 
facilitated the determination of muskrat age (Schofield 1955) as 
did size and weight measurements (Dorney and Rusch 1953). 
Muskrats trapped before the onset of breeding or the emergence of 
the first litter were considered adults, si nce all muskrats are 
capable of breeding by 1 year (McCleod and Bondar 1952). Both 
<aclli 
Figure 3. Diagram of restaraint holder designed to handle 
live-trapped muskrats at Fish Springs NWR, lg78-80. N 
0 
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internal sexual characteristics and cased skins were used to 
verify the sex of collected animals (Shanks 1948, Linde 1963). 
In addition, pelt primeness (Kellog 1946) and examination of the 
dentition (Sather 1954) were used to verify age classifications. 
Stomach Content Analysis. All muskrats collected were 
frozen immediately 
the necropsy had 
dishes. Stomach 
for later necropsy. Stomachs removed during 
their contents placed in individual petri 
contents were then oven dried at 80° c. 
Microscope slide preparation of stomach contents followed methods 
described by Hansen and Flinders (1969), except that samples were 
soaked in bleach (Holechek 1982) before staining with Safrin-0, 
and the mounting solution used was a 9:1 ratio of Karo syrup to 
water, which did not require oven drying. Two slides were 
prepared from each stomach, with 1 being chosen for examination 
by even / odd random number se l ection . The slides were examined 
under a binocular microscope (125X magnification). A total of 50 
fields were systematically observed per slide. A field was the 
area encompassed by the view of the 125X magnifying lens. 
Individual species were identified by epidermal 
characteristics (Vavra and Holechek 1980, Williams 1969). To aid 
in identifying the minute particles of individual species, 
photographs were made of epidermal characteristics (Willner et 
al. 1975) from mi croscope slides of plants of a single spec ies 
prepared in the same manner as the stomach-content slides. To 
determine whether a temporal shift in feeding habits was 
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occurring, reference slides were made of root and stem parts of 
individual species in order to ascertain whether they could be 
individually discernable. Root material was that portion of the 
plant below the base of the aerial stem, while stem material was 
all that above the stem base. Only phragmites and Olney's 
bulrush root and stem fragments were easily distinguished. 
Accordingly , they were counted separately during testing. Seven 
species of plants considered to be actual or potential muskrat 
food were photographed: phragmites, Olney's bulrush, cattail, 
saltrush, saltgrass, milkweed, and wigeon grass. 
Identifiable epidermal cells were counted by species for 
each field on the slide. Percent frequency was calculated for 
each species from the observed data. 
Percent frequency={No. fields with species{X)/ 
Total no. fields)*100 
In addition, the percent frequency data were used to estimate 
particle density from a formula derived by Fraker and Brischle 
{1944). Particle density was then used to determine relative 
density of a species {Hansen et al. 1977). Relative density 
calculations were used to predict percent composition of food 
species by dry weight {Sparks and Malechek 1968). 
Vegetation Structure~ Enclosures. The emergent vegetation 
in Y and Z enclosures had deteriorated significantly during the 2 
years prior to 1980 due to high muskrat population densities. 
Therefore, replanting was necessary to provide adequate amounts 
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of aquatic emergent vegetation for the experiments. A back-hoe 
was used to dig up plants or portions of plant groups of Olney's 
bulrush from surrounding habitat. Care was taken to remove a 
sufficient amount of root mass with the stems. Also, the plants 
were handled carefu lly so that as few stems as was possible were 
destroyed in the transfer. Plantings, approximately 0.25 m2 in 
size, were placed around the perimeter of the marsh within 10-m 
from shore. Both Y and Z enc losures were planted during May and 
June. 
In 1980, to determine the amount of vegetation available to 
the muskrats, vegetation maps were made for each enclosure and 
the amount of emergent vegetation cover was measured in eac h 
section. In August, the enclosures were surveyed to ascertain 
major vegetation components. Six species (Table 2), whi ch were 
most abundant, were mapped in accordance with their extent and 
location. Pure stands of each species were common, but areas of 
overlap were also noted and mapped accordingly (Figs. 4-6). 
To determine the relative amount of Olney's bulrush, cover 
measurements were taken at 100 randomly chosen 0.5-m plots within 
the aquatic portions of each section. Measurements were taken in 
early August and again late September to determine whether 
muskrat foraging had reduced substantially the food resource. 
The cover data also provided a compar ison of the availability of 
Olney's bulrush among the enclosures (Table 3). 
Tab l e 2. Sci entific nomenclature and abbreviations of the 
dominant vegetation species within the experimental 
enclosures fn Harrison Unit; 1980. 
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Common r~ame Species name Abbreviation 
Olney's bulrusn Scirpus americanus SCAM 
Phragmites 
Sa It rush 
Salt grass 
Pickleweed 
1··1i 1 kweed 
Table 3. 
Enclosure 
X 
y 
z 
Phragmites austra 1 is PHAU 
Juncus ba lt i cus JUBA 
Disti cnlis sp1cata DISP 
Allenrolfea occidentalis ALOC 
Asclepias speciosa ASSP 
Percent cover and frequency of Olney's bulrush in 
experimental enclosures for 
September, 1980 . 
August 
Percent Percent 
Cover Frequency 
22.6 72 
1.8 30 
2.2 20 
early August and l ate 
September 
Percent Percent 
Cover 
27.3 
1.8 
2.2 
• 
' 
Frequency 
66 
24 
26 
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Figure 4. Map of the dominant vegetat ion in X enclosure, 1980 . 
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Grazed-stem Regrowth Rate. A basic assumption underlying 
all population estimators is that the time period for which the 
estimate is made is known. Therefore, an attempt was made to 
include in the index only those stems grazed within a specific 
time period. Because stems often continue growing agter being 
grazed, regrowth length was measured as a method for estimating 
time since grazing. 
To determine the regrowth rate of grazed stems, individual 
exclosures were constructed around 5 randomly chosen plants or 
plant groupings. The total number of stems in each exclosure was 
counted, then 25 stems were randomly chosen and clipped uniformly 
in a manner which simulated muskrat grazing. Length of clipped 
stems was measured daily for 5 days and the condition of the 
clipped ends noted. This procedure was duplicated every month 
during the time muskrats occupied the enc losures. 
Measurement of Muskrat Clipping Rates. Muskrat clipping 
rates within the enclosures were measured using variable-length 
transects. In 1979, permanent transect stakes were numbered and 
placed every 12 m around the periphery of the marsh within the 
enclosures. The stakes were placed on the inland edge of either 
phragmites or Olney's bulrush or at the water's edge if no 
emergents were present on shore. There were 32, 35, and 49 
transects in the X, Y, and Z enclosures, respectively. Transects 
were run from the stakes, perpendicular to the shoreline, and as 
far into the water as there was vegetation. More than 2 m of 
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open water constituted conditions for discontinuation of the 
transect (Fig. 7). A tape measure was used to determine the 
transect length and also serve as the center 1 ine of the 0.5 m 
width of the transect. Grazed stems within the transects were 
counted by species, measured, and classified into 5 em length 
categories. 
Transects conducted in 1980 were arranged with a randomly 
chosen starting point along the shoreline and a transect taken at 
5-m intervals around the marsh. An experimental count consisted 
of 100 transects for each of the sections. Because muskrats were 
found not to utilize the phragmites when it was >1 m from shore 
in 1979, the transects in 1980 were run from either the inland 
periphery of Olney's bulrush or 1m inland from the shore when 
phragmites was present. Clipped stems within the transect were 
counted, measured, and classified into 3-cm length categories. 
This smaller categorization was an attempt to determine if a 
finer gradation would produce' a more distinct division of stem 
regrowth. 
Because muskrats eat several stems from an individual plant 
at one time, the distribution of clipped stems was not considered 
random. To alleviate the inherent problem of variation among 
transects caused by this behavior, all clipped stems and transect 
areas were summed together. The resulting sum was considered a 
complete census of grazed stems in the area sampled. The ratio 
of clipped stems to area sampled was assumed to be representative 
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Figure 7. Representation of the placement of grazed-stem transects 
in the X enclosure ; showing the variability in the length 
of the individual transects. 
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of the entire enclosure and, therefore, was used to determine a 
point estimate of the total number of stems per unit. 
Test of Index Technique. In September 1980, 2 contiguous 
areas in Harrison unit approximately 500 m northwest of the 
enclosures and totaling about 0 . 5 ha in size, which had Olney's 
bulrush as the dominant vegetation type, were selected to test 
the indices. The areas were measured and aquatic vegetation 
cover data were collected. The number of clipped Olney's bulrush 
stems was estimated from 60 transects. Estimated muskrat 
densities were calculated from the extrapolated number of stems 
clipped in the areas and the computed clipping rate from the 
enclosure experiments. At the completion of the experimental 
measurements, the areas were saturated with kill traps to obtain 
the actual muskrat densities. 
Effects of Muskrat Grazing on Vegetation 
Exclosure Si tes . In July of 1979, 2 exclosures, 10 m x 12 
m, were constructed, each in homogeneous stands of Olney's 
bulrush and phragmites. The exclosures were encompassed with 1.0 
m high poultry netting, with 0.4 m buried to prevent muskrats 
from burrowing into the experimental areas. The area of the 
exclosures was chosen to accommodate 2 annua l repetitions of the 
cl ipping experiment. The phragmites exclosure was built adjacent 
to the muskrat enclosure, while the Olney's bulrush exclosure was 
about 200 m east along the same drainage. 
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Simulated Grazing Experiment. To test the simulated effects 
of grazing at different intensities, a 4 X 4 randomized block 
configuration was utilized. Sixteen plots, 0.5 m X 1.0 m, were 
spaced evenly within the exclosure leaving a 1.0 m buffer zone 
between them. Three levels of simulated grazing were tested 
(33%, 67%, and 100%), with the final group used as a control (0% 
clipped). Initially, all stems in a plot were counted and 
recorded. Then stems were randomly clipped just above the water 
line according to the prescribed rate for the plot, again in the 
same manner a muskrat would. Simulations were repeated every 4 
weeks. All previously clipped stems that grew to a height ~15 
em between experimental periods were considered to be new stems. 
During the 1979 field season, 3 replicates were possible, while 
in 1980 5 replicates were conducted from June through October. 
In 1980, the experimental plots were moved to minimize 
confounding effects of the previous year's clipping (Fig. 8) . 
Before repositioning the plots, a count was made of stems 
occurring within the clip-plots utilized during the 1979 field 
season. These data were used to assess whether grazing created a 
carry-over impact on the plants' growth. In addition, 16 
individual plants of Olney's bulrush were selected and encircled 
with poultry netting in 1980. These plants were then subjected 
to the same experimenta l design as the exc losure areas to 
ascertain whether individual plants responded differently to the 
grazing regime. Another experiment implemented in July 1980 
~------------~12M~------------~ 
1979 D 1980 \] 
Figu•·e 8 . Placement of 0.5 m2 quadrats used in the simulated 
grazi.ng study in Olney ' s bulrush and phragmites 
exclosures for 1979 and 1980. 
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involved differences in plant 
effects of grazing rat es. 
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the 
the 
respective plots were dried and weighed separate ly to determine 
mean dry weight per stem. 
Data Analysis 
Data collected from the various experiments were initially 
recorded on field sheets and then transferred to computer disk 
files. Statistical analyses were performed primarily with the 
SPSS stat i stical programs (Nie et al. 1975, Hull and Nie 1981). 
The Burroughs 6800 computer and the Vax-11 computer, located at 
Utah State University, were used to compile and analyze the data. 
35 
RESULTS 
Vegetation-Utilization Index of Muskrat Populations 
Muskrat Population Structure. Muskrats were 1 ive-trapped in 
the enclosures throughout the 1979 experimental season; 84 
individuals were caught. Composition of the muskrat populations 
within enclosures during 1979 (Table 4) is an extrapolation from 
the 1 ive-trap and kill-trap data for that year. Adult muskrats 
collected during the intensive kill-trapping effort at the 
completion of the 1979 field season in October, which had been 
marked in 1978 but not 1 ive-trapped in 1979, were considered to 
have been present in the unit throughout the season. Unmarked 
juvenile muskrats collected were considered part of the 
population from time of weaning (about 30 days of age, Errington 
1939). Weight of a juvenile was used to back-extrapolate to its 
weaning dates (Dorney and Rusch 1953, Erickson 1963). 
Initial population densities within the units (Table 5) were 
particularly high, probably due to the effects of the enclosures. 
In April of 1979, 73 adult muskrats inhabited the 3 enclosures 
(Table 5) of which 53 had been marked in the previous year. The 
unmarked adults captured in 1979 were very 1 ikely young of the 
previous year that had not been captured during 1978. 
Before the initiation of the 1980 field season, the 
enclosure fences were again repaired and an exhaustive 
kill-trapping effort was conducted to eliminate any muskrats that 
Table 4. Composition of the muskrat populations inhabiting the X, Y, and Z enclosures as 
determined from live-trapping, marking and kill-trapping during the 1979 field 
season. 
Enclosure Age & Sex Apri 1 May June July August September October 
Adult Male 9 7 4 3 3 2 2 
X Adult Female 16 16 16 16 12 11 10 
Juvenile Male 0 0 6 6 5 4 4 
Juvenile Female 0 0 7 9 9 8 8 
Adult Male 8 8 5 5 3 2 
y Adult Female 13 12 11 11 10 7 7 
Juvenile Male 0 1 7 8 7 I 6 
Juvenile Female 0 2 4 4 4 4 4 
Adult Male 10 10 4 4 3 2 3 
z Adult Female 17 16 l3 13 10 8 8 
Juvenile Male 0 3 5 6 6 6 6 
Juvenile Female 0 1 4 4 4 4 4 
w 
0'> 
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Table 5. Initial adult population densities of muskrats within 
the experimental enclosures at the beginning of the 
1979 field season. 
Enclosures 
Age and Sex X y z Total 
Adult ma 1 es 9 8 10 27 
Adult Females 16 13 17 46 
Total 25 21 27 73 
Muskrats ha-l 62.3 25.3 29.0 
might have taken up residence over the winter and early spring 
months. Sixteen muskrats were captured prior to the beginning of 
the first experimental replicate in July. All were considered to 
have established residence during the late winter or spring since 
none were tagged. 
Because the vegetation index is designed to estimate fall 
populations after all summer breeding has occurred, an attempt 
was made to use only adults for the experiment. However, 
difficulty in obtaining enough study animals necessitated 
modification of the experimental design to include juvenile 
muskrats weighing in excess of 600 g. 
38 
Equal sex ratios of muskrats were released in each enclosure 
for every replication, except the X enclosure in July and the Y 
enclosure in September (Table 1). Composition of the enclosure 
populations was determined by kill-trapping at the conclusion of 
each experiment (Table 6). 
Aquatic Vegetation Cover. Olney's bulrush cover (Table 3) 
in early August and late September 1980 in the Y and Z enclosures 
did not differ statistically (~>0.38); however, the cover in the 
X enclosure was greater by an order of magnitude (P<0.01). The 
similarities and differences in the amounts of emergent 
vegetation were indicative of the comparative amounts of open 
water in each unit (Figs. 4-6). The Y and Z enclosures had 
primarily open water with only intermittent Olney's bulrush 
around the periphery and no dense stands of the emergent 
vegetation . Conversely, X enclosure had comparatively little 
open water and the west half of the unit was comprised of 
continuous stand of Olney's bulrush . 
Virtually no change was apparent in the amount of available 
cover between the August and September measurements. The slight 
increase in the percentage cover for X enclosure was undoubtedly 
an artifact of the random sampling, which favored the denser 
areas of vegetation during the September survey. 
Stomach Content Analysis. Preliminary analysis of stomach 
contents conducted in 1977 indicated that plant species were 
regularly eaten (Table 7). Of these, Olney's bulrush, 
Table 6. Composition of the muskrat populations inhabitina the X, Y, and Z enclosures 
as determined by kill-trapping animals that were marked and released into the 
into the enclosures during the field season in 1980 . 
Enclosure Age and Sex July August September October 
Adult ~1ale 3 1 5 
Adult Female 3 5 4 6 
X Juvenile Male 3 2 0 
Juvenile Female 2 0 0 0 
Adult Male 4 3 2 3 
Adult Female 1 2 1 3 
y 
Juvenile Male 1 1 3 3 
Juvenile Female l 0 2 2 
Adult Male 0 4 3 3 
Adult Female 2 3 3 5 
z Juvenile Male 2 l 3 1 
Juvenile Female 0 0 0 0 
w 
<.0 
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Table 7. Calculated percent dry weight of vegetation eaten by 
muskrats as determined form stomach content analysi s . 
Data was collected from muskrats ca r tured in the X, 
Y, and Z enclosures during 1979 and 1980. 
X enclosure Y enclosure Z enclosure 
Plant species 1979 1980 1979 1980 1979 1980 
Olney's 70.7 65.0 bulrush 26.4 24.6 32.3 30 . 7 
Phragmites 16 .6 11.4 41.0 47.5 34.5 36.0 
Cattail 0.0 4.7 2.8 0.0 0.0 0.2 
Salt rush 2.2 1.5 l.l 2.9 10.1 7 .l 
Salt grass 1.4 6.4 13.0 2.0 2.9 4.6 
Milkweed 0.0 0.2 0.5 0.0 0.4 0.6 
Wigeon grass 6.1 10.7 17. l 27.9 17.9 41.6 
Other 0.2 l. 9 
species l.l 0.4 
2.6 0.5 
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phragmites , saltrush, and wigeon grass were quantitatively most 
important. The other 2 species, saltgrass and milkweed, were 
found only occasionally in the stomach samples, although they 
were quite abundant in the experimental areas. 
Differences in the calculated percent dry weight of the 
vegetation eaten by muskrats (Table 7) indicate the variability 
of the diet when differing quantities of resources were 
available. Y and Z enclosures had approximately 2-3~ coverage of 
Olney's bulrush; consequently, it was not the primary food 
resource in these 2 units. Nearly 75~ of the diet of muskrats in 
X enclosure, which had 26~ Olney's bulrush cover, was either 
stems or roots of Olney's bu.lrush. A 1 though the amounts of 
Olney's bulrush and phragmites consumed varied comparatively 
1 ittle between the 2 years within each enclosure, wigeon grass 
became a major component of the diet in Y and Z enclosures during 
1980. 
A log-linear analysis showed a significant difference 
(x 2=273.97, P<0.001) in diet for all age and sex categories among 
the enclosures for both years. To ascertain which individual 
factors may have caused the difference, an analysis of variance 
of the diet was performed by age and sex for all enclosures 
combined. Using a log(x+1) transformation to normalize the data 
(Steel and Torrie 19 80 ), the analysis of stomach content by age 
and sex groups (Table 8) showed no differences (P>0.31) for both 
years, with the possible exception of saltrush (~=0.06), which in 
Table 8. Analysis of variance of muskrat stomach contents 
by age and sex for all enclosures combined, 1979 
and 1980. 
1979 1980 
Plant 
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Species F-value Significance F-value Significance 
Olney's 1.12 0.347 0.04 0.988 bulrush 
Phragmites 0.22 0.833 1.13 0.343 
Salt rush 0.29 0.831 2.59 0.060 
Wigeon grass 0.70 0.558 0.90 0.444 
Other 0.23 0.877 0.76 0.521 species 
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1980 was apparently not often consumed by adult females (N=33). 
Because the data indicated no age- or sex-specifi c 
differences in food consumption for all enclosures combined, 
possible differences in muskrat diets among the enclosures were 
also tested using analysis of variance (Table 9). Muskrats 
inhab iting X enclosure had significantly different amounts of 
Olney's bulrush and phragmites (~< 0.001 and ~<0.02, respectively) 
in their diets for both years. The small differences between the 
Y and Z enclosures were not significant using an LSD t est (Steel 
and Torrie 1980). wigeon grass constituted a considerably larger 
proportion of the diet for muskrats in the Y and Z enclosures 
than for X enclosure in 1980, but the difference was not as 
statistically pronounced (~=0.099). 
Olney's bulrush and phragmites were the predominant 
emergents utilized by muskrats in all units. Because muskrats 
are purported to eat more root material as plant stems senesce in 
the fall (Willner et al. 1975), I tried to determine whether the 
proportion of root and stem material for the above 2 species 
changed with time (Table 10). No consistent trend was noticeable 
for Olney's bulrush in the Y and Z enclosures, but one appeared 
to exist for phragmites. The proportion of stem material 
increased between Ju ly and August, then declined again through 
September and October. In X enclosure, the proportion of Olney's 
bulrush root material in the diet increased from July (37%) 
through September (71 %), then declined substantially in October 
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Table .9. Analysis of variance of muskrat s tomach contents 
by enclosure for all age and sex categories, 1979 
and 1980. 
1979 1980 
Plant 
Species F-value Significance F-value Significance 
Olney's 27.27 0. 000 11.88 0.000 bulrush 
Phragmites 4. 17 0.020 11.00 0.001 
Salt rush 1. 33 0. 272 1. 51 0.228 
Wigeon grass 1.02 0.368 2.39 0.099 
Other 0.48 0.619 0.96 0. 386 
species 
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Table 10 . Percent composition of root and stem material of 
Olney's bulrush and phragmites found in the stomach 
contents of muskrats collected in X, Y, and Z 
enclosures during 1980. 
Olney's bulrush Phragmites 
Sample 
Enclosure ~1onth Root Stem Root Stem Size 
July 36.4 63.6 23.1 76.9 7 
August 43. 8 56 .2 5.9 94.1 7 
X 
September 71.1 28.9 0.0 100.0 8 
October 15.8 84.2 0.0 100. 0 6 
July 58.7 41.3 82.2 17.8 
August 12.4 87.7 6.2 93.9 3 
y 
September 18.9 81.1 23.0 77 .0 
October 63.8 36.2 34.8 65.2 7 
July 40 . 0 60.0 86.7 13.3 4 
August 30.3 69.7 0.0 100.0 
z 
September 64.7 35,3 5. 7 94.3 8 
October 16.0 84.0 13.4 86.6 
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(16%). Phragmites consumption by X enclosure muskrats comprised 
mostly stems, increasing from 77 % in July to 100% in September 
and October. 
Grazed-stem Regrowth Rate. The regrowth rate experiment was 
meant to provide a stem-length critereon for specifying a time 
interval (e.g. 3cm growth • 3 days}. Several variables 
complicated this effort, necessitating an adjustment of the data : 
(1} minor water-level fluctuations, and (2} lack of growth in 
many grazed stems. 
To minimize any effects of daily water level fluctuations on 
the stem regrowth data, above-water stem lengths were measured at 
the same time each day during the experiment. Even so, minor 
differences in water depth were noted and the data adjusted 
accordingly. 
Initial analysis of the regrowth data incorporated 
measurements of all clipped stems, but the large proportion of 
stems that did not continue growing (0-5 mm category, Fig. 9} 
after clipping caused a high variance. To eliminate the effects 
of non-growing stems, so that just regrowth rates were estimated, 
all stems <5 mm in length were considered non-growing. 
Three statistical procedures were employed in an effort to 
find an accurate and predictable growth-to-time relationship: 
(1} using discriminant analysis function, (2} calculating mean 
and 95% confidence intervals, and (3) conducting an analysis of 
variance. A discriminant function analysis (Nie et al. 1975}, 
120 
110 
100 
90 
" 80 E 
" ....
(f) 70 
..... 
0 
" 
60 
0 
c: 
" 
50 
~
o:r 
" ,_ 40 
u... 
30 
20 
10 
0 
Fi gure 9. 
0-5mm 6-30mm 31-60mm 
~ June 
em July 
UIU] A u g u s t 
• September 
[ill October 
61-90mm >90mm 
Frequency histogram of the length of Olney's bulrush stems measured 5 days 
following clipping at 10 mm above the water line . Clipping was done to 
ascertain regrowth rate of stems for each of 5 months in 1gao. 
..,. 
...., 
48 
was performed to ascertain a daily interval that was closely 
associated with a specific mean regrowth rate. This analysis 
determined the closest relationship between the variables 
(i.e. days and stem lengths) from all of the input data. It then 
used that relationship to classify the percent of variables that 
correctly fit the calculated criteria for the relationship. A 
correct classification level of 95% or better was necessary in 
order for the analysis to show predictability. The largest 
percent of correctly classified stem lengths by daily time period 
for all 5 months was only 38% (Table 11), in June. 
Because of the poor predictability of stem length in 
relation to time, as shown by the discriminant function analysis, 
mean daily regrowth rates were estimated for each month and 95% 
confidence intervals calculated. Excessive variability was 
observed again (e.g. Fig. 10) probably due to stem age, position 
of the clipped stem within the plant, or the initial size of stem 
prior to clipping. 
In a final attempt to determine the usefulness of the 
regrowth data in predicting a time interval, an analysis of 
variance was conducted to assess whether plant or day effects 
were instrumental in causing the lack of predictability. The 
analysis revealed that growth rates of plants within each month 
were significantly different from each other (P<0.001) for all 5 
months (Table 12). Because of this high variability in growth 
among plants even within months, an alternative technique for 
Table 11. Percent of correctly classified variables using discriminant function 
analysis on stem regrowth length of Olney's bulrush and number of days. 
June July August September October 
With non-
growing stems 30.6 23.2 23.4 22.4 20.6 
included 
With non-
growing stems 38.1 27.3 24.9 28.3 31.5 
excluded 
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Figure 10 . Mea n daily regrowth lengths of Olney ' s bulrush stems 
initial ly clipped 1 em above the water 1 i ne; Ju 1 y, 1 980. 
Table 12 . Mean daily regrowth-length (mm) of Olney's bulrush stems summed over all plants 
for each month. Mean regrowth-length is calculated both ·. lith and without 
non-growing ( 5mm) stems; 1980. 
Mean regrowth length (mm) by month 
June July August Se ptember October 
---
Day with without with without with without with without with without 
13.5 15.9 6.9 14.9 8.0 13.4 4.9 9.3 2.4 9.5 
2 19.7 22.2 12.2 20.7 10.4 18.3 6.8 11.3 2.8 11 .6 
3 23.5 28.8 17.1 29.5 14.9 22.1 7.1 15.3 3.4 14.6 
4 26.7 32.8 21.5 43.3 18 . 5 25.5 7.5 18.5 4.0 14 .9 
5 -- -- 23.7 42.1 19.9 31.6 7.6 21.1 4.0 22.1 
F-value 13.7 12.5 14.8 11. 3 8.7 5.3 11.7 10.6 7.9 4.1 
Significance 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
<.n 
~ 
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del ineating the time period from the clipped stems was devised. 
Since it was not possible to use the stem-length regrowth 
data to delineate a time period during which clipping occurred, 
it was necessary to develop an alternative criterion that would 
include recently grazed stems, but eliminate the inclusion of 
older, previously clipped stems in the stem count procedure. 
Condition of all stems had been noted during the experimental 
period. Within the 5-day time period, clipped stems that had not 
grown or that had grown only a few centimeters had begun to 
yellow noticeably below the clipped end. Although no 
quantification of this phenomenon was possible, qualitative 
analysis dictated selection of those stems with 5 mm or less of 
yellowing at the tip. These were considered to have occurred 
during the previous 5-day period. 
Grazed Stem Transects. Transects within the emergent 
vegetation provided a census of stems grazed for a proportion of 
the unit (Table 13). Initially, when the data were collected, 
stems were placed in incremental categories (5 em in 1979 and 3 
em in 1980). For analysis, categories were combined 
[i.e. (0-3 em) + (3-6 em) 0-6 em] so that all grazed stem 
groupings were inclusive from 0. This approach was adopted 
because of the impracticality, from a management perspective, of 
delineating intermediate lengths (i.e. 3-6 em, 6-9 em) in the 
field. 
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Table 13. Estimated number of Olney's bulrush stems grazed per 
muskrat per day from data collected during each month 
of the field season in X enclosure; 1979 and 1980. 
Total Number 
Number Percent Stems per 
Stems S1Ze Area Muskrat Muskrat 
Year Month Counted Category Censused Population per Day 
Aug 114 0-5 em 2.9 29 27 01 
1979 Sep 79 0-5 em 3.0 25 21.3 
Oct 59 0- 5 em 2.2 24 22.6 
Jul 5 39 0-6 em 3.6 11 19.8 
Jul 10 67 0-6 em 5.2 11 23.6 
Ju1 15 120 0-6 em 9.6 11 22.7 
Aug 5 106 0-3 em 10.2 8 25.9 
1980 Aug 10 82 0-3 em 8.8 8 23.4 
Aug 15 49 0-3 em 8.1 8 15 .2 
Sep 5 124 0-3 em 9.1 9 30.4 
Sep 10 103 0-3 em 8.3 9 27.5 
Sep 15 65 0-3 em 8.6 9 16.8 
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Proportion of area sampled (a) and number of stems counted 
A (n) were used to extrapolate a point estimate (N) of the number 
of stems in each category for the entire area (A) of the 
enclosure. Dividing the estimate of grazed stems (N) by the 
number of muskrats (M)present in the unit and the 5-day time 
A 
period (T) provided the estimate of the number of stems (S) 
grazed muskrat-1 day-1 (Tables 14 and 15). 
A 
N n/a * A 
A A 
S N/(M*T) 
Grazed stems were counted monthly from August through 
October in 1979. Between 32 and 49 transects were placed within 
the enclosures; Z section had the largest number. The proportion 
of the enclosures censused was variable, since the amount of 
vegetation present dictated length of the transects. As much as 
3.3% (Z enclosure, September) and as little as 0.3% (Y enclosure, 
October) of the units were searched. The estimated number of 
stems grazed muskrat-1 day-1 was highly variable within the Y and 
Z enclosures for all stem length categories. In the X enclosure, 
the 0-10 em and 0-15 em categories were also variable, although 
considerably less than in the other 2 enclosures. The 0-5 em 
category for the X enclosure was highly consistent for all 3 
monthly replicates in 1979 (Table 14), having an overall mean of 
23 ,g (S.D.=2.9). 
Table 14. Es timate of the number of stems grazed per muskrat 
per day for 3 stem length categories from X, Y, and 
Z enclosures; 1979 . 
Estimated number of stems grazed 
Month Enclosure 0-5 em 0-10 em 0-15 em 
X 27.1 43.1 57.6 
August y 55.6 96.2 134 .5 
z 19.9 52.2 87.9 
X 21.8 38.7 53.3 
September y 31.8 55.6 83.2 
z 30.1 61.0 80. 1 
X 22.6 49.4 72.4 
October y 78.9 139 .0 180.4 
z 55.8 101.7 137 .8 
55 
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Table 15. Estimate of the number of stems grazed per muskrat 
per day for 3 stem length categories from X, Y, and 
Z enclosures; 1979. 
Estimated number of stems grazed 
Month Enclosure 0-3 em 0-6 em 0-9 em 
X 6.5 22.0 38.0 
July y 97.2 218.0 325.6 
z 246.0 500.3 683.0 
X 21.5 47.5 65.6 
August y 49.9 155.7 255.0 
z 95.0 198.7 299.0 
X 24.9 51.7 72.9 
September y 288.7 450.7 596.0 
z 86.0 160.0 267.0 
X 14.8 40.6 70.9 
October y 122.5 291.7 448.0 
z 131.0 265.0 484.7 
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Data collected in 1980 were analyzed in the same manner as 
the 1979 data. Because all 3 units were measured with 100 
transects for each replicate in 1980, the proportion of the area 
censused (Table 13) was larger than in 1979. Again, the number 
of estimated stems grazed muskrat- 1 was highly variable in all 
categories in the Y and Z enclosures and to a much lesser extent 
in the X enclosure. The 0-6 em level in July and the 0-3 em 
level during August and September indicate nearly equivalent 
grazing rates. Analysis of variance indicated no difference 
(~;0.71) among these months or within the month periods (~;0.29); 
therefore, the 3 estimates for each month were combined (Table 
16) into a single estimate of muskrat grazing rate per 
experimental period. The mean grazing rate of 22.8 (S.E.;1.8) 
for the 3 months is strikingly similar to that found in 1979. A 
Student's t-test showed the 1979 and 1980 estimates were not 
statistically different (P;Q.70). 
Field Testing the Index. To test the index under normal 
conditions, 2 contiguous marsh areas with populations of 
free-ranging muskrats were selected in an isolated portion of 
Harrison Unit. Area A (0.1 hal had shallow water (<15cm) and a 
cover density of Olney's bulrush approaching 100%. Area B was 
about 0.3 ha and had approximately 35% open water. Using the 
same sampling procedure as in the enclosures, 12 and 48 grazing 
transects were traversed in the respective units with 15% and 11% 
of the areas censused (Table 17). Using the mean clipping rate 
Table 16. Summary of the pertinent data used to estimate the muskrat grazing rate 
(~umber stems grazed/muskrat/day) on Olney's bulrush in the X enclosure 
during 1979 and 1980. 
AUGUST SEPTEMBER OCTOBER JULY AUGUST SEPTEMBER 
lg79 1979 1979 1980 1980 1980 
PERCENT TOTAL 2.9 3.0 2.2 6.1 9.0 8.7 AREA SAMPLED 
NUMBER STEMS 114 79 59 75 79 97 CLIPPED 
MusKRAT 29 25 24 11 8 9 POPULATION 
NUMBER STEMS 27.1 21.3 22.6 22.0 21.5 24.9 CLIPPED/MUSKRAT/ 
DAY 
U1 
00 
Table 17. Estimation of muskrat population utilizing the 
grazing rate determined for the X enclosure during 
1979 and 1980. Estimation for a free-ranging 
population of muskrats in Harrison Unit, September 
1980. 
Area 
A 
B 
Number of 
Transects 
12 
48 
Area 2 Size(m } 
(A) 
832.9 
2877.3 
Percent 
Percent 
Area 
Censused 
(a) 
14.7 
11.3 
Number 
of Stems 
Counted 
(n) 
40 
259 
Number of 
Muskrats 
Estimated 
(M) 
2.4 "!: 0.3 
19.9 "!: 2. 5 
59 
Number of 
Muskrats 
Trapped 
2 
18 
of 23.0 grazed stems muskrat- 1 day- 1, estimates of 2.4 and 19.9 
muskrats were calculated for the 2 areas. Immediately after the 
transects were concluded, the experimental areas were saturated 
with Conibear kill traps. Two and 18 muskrats were trapped in 
areas A and B, repectively. The 95% confidence intervals for the 
estimated populations were within 13% of the estimates and 
included the actual number of muskrats removed. 
Effects of Simulated Muskrat Grazing on Vegetation 
Clip Plot Analysis. Data collection within the enclosures 
involved duplicating the simulated grazing experiment at 4-week 
intervals. Therefore, the analysis was treated as a repeated 
measures regression problem (Draper and Smith 1981). Mean number 
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of stems for the 4 plots at a given grazing rate (Tables 18 and 
19) was used as the dependent variable. Mean number of stems per 
plot was considered the best measure of plant response to the 
grazing. Months were used as dummy variables in the regression 
equation (Nie et al. 1975) to form a second degree polynomial. 
They-intercepts were assumed to be different for each plot. The 
complete regression model for the data tested the null hypothesis 
that the shapes of the curves (i.e. number of stems over t ime) 
generated for each plot within an exclosure for the entire field 
season were equal (Table 20). The null hypothesis was rejected 
(~< 0.001) for all clipping exclosure experiments for both 1979 
and 1980. 
Because a significant difference existed among the clipping 
rates, the complete regression model was reduced by partitioning 
the variables into their respective rates of simulated grazing. 
The reduced model again tested whether the slopes were equal 
(Figs. 11-15), th is time testing whether the effect of clipping 
was statistically different among the clipping rates. In 1979, 3 
replicates of the simulated grazing were conducted from July 
through September (Table 18). The curves for both phragmites and 
Olney's bulrush differed significantly among the rates (P<0.001 
and ~<0.05, respectively). Results of the 1980 experiment (Table 
19) were comparable having probability levels of P<0.001 for both 
Olney's bulrush and phragmites. 
plants, which were subjected to 
Individual Olney's bulrush 
fewer replication, also 
Tab l e 18. An anal ys is of the mean number of stems per 0.5 m2 quadrat clipped at varied 
intensities to simu late muskrat graz ing each mo nth ; 1979 . 
Percent Mean number of stems by month 
Clipping Probability 
Species Rate July August September F-value Level 
0 242 .5 250.0 214 .5 
0 I ney' s 
bulrush 33 212.0 165.3 102.5 3.100 0.043 
67 230.3 129.3 61.5 
100 182 .3 40.5 14.5 
0 49.8 58.0 57.8 
Phragmites 33 46.5 39.5 28.0 21.660 0.000 
67 39.5 30 .8 12.3 
l 00 36.3 23.5 1.8 
a-
.... 
Table 19. An analysis of the mean number of stems per 0.5 m2 quadrat or individual 
exc losure clipped each month at varying intensities; 1980 . 
Percent Mea n number of stems by month 
Clipping Probabi 1 ity 
Species Rate June July August September F-value Level 
0 322.5 377.8 352.8 183 .5 
Olney's 33 203.0 225.3 161.0 65.8 9.969 0.000 bulrush 67 261.0 200.8 121 .3 34.5 
100 207.8 123.3 68.3 7.3 
0 26.5 26.8 27.3 28.8 
Phragmites 33 34.5 28.3 22.3 15 .8 8.810 0.000 
67 31.8 22.0 13 .3 5.3 
100 35.0 12.0 13 .0 2.3 
0 163.8 180.3 153.8 
Individua l 33 188.5 176 .5 105. 8 4.224 0.014 01 ney' s 
bulrush 67 176.3 115.5 76.5 
100 205.8 74.8 85.3 0> 
N 
63 
Table 20. Regression moael usea to test the effects of simulatea 
grazing at varied intensities on Olney's bulrush and 
phragmites for 1979 and 1980. 
where 
X •. 
1 ,J 
y .. 
1 ,J 
quadrat number (1,2,3, ..... ,16) 
month (1,2,3,4) 
observation of the ith quadrat for the jth month 
number of stems in the ith quadrat in the jth month 
Ho: 81 , l 82, l s16 , 1 and 
816, l 81 ,2 82,2 
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exhibited significantly different effects among simulated grazing 
rates (f;0,014). Figures 11-15 show the mean number of stems, as 
a plant response to the effects of clipping. 
Dry weight yield was used as a measure of the relative vigor 
(Kershaw 1973) among the clipped plots. A two-way analysis of 
variance of the mean dry weight per stem values was calculated 
for the 3 cl i pping rates over 3 months within each enclosure . 
The results were highly significant (P<O.OOO) for both Olney's 
bulrush and phragmites (Tables 21 and 22). Data for the 
individual Olney's bulrush exclosures were obtained for only a 
2-month period. A two-way analysis of variance indicated a 
difference (f<0.10) among the individual exclosures (Table 23). 
To ascertain further the effects of the different levels of 
s imulated grazing, a one-way analysis of variance procedure was 
used to evaluate the specific effects within rates over time and 
among rates within a time period. Differences in mean stem 
weight within time periods for Olney's bulrush (Table 21) and 
phragmites (Table 22) were significant (P<O.D3 and f<0.012, 
respectively). Differences with in clipping rates were variable 
for Olney's bulrush with 1 ight grazing (33%) having a significant 
increase in weight (f;0.001) and heavy grazing (100%) having a 
significant decrease (P<0.001). We ights within clipping rates 
for phragm ites were not different for any of the rates (P>0.27) . 
Tab le 21. Analysis of mea n dry weight per stem of Olney's bulrush from quadrats 
clipped each mo nth at vary ing inte~sities to simulate repeated muskrat 
grazing; 1980. 
Mean dry weight (g)/stem by clipping rate 
l~onth 33% 67% 100% F-value Significance 
July 1.36 1.17 1.00 5.25 0.030 
August 1. 61 1. 27 1.14 9. 49 0.006 
September 2.16 1. 52 0.45 22.69 0.000 
F-value 19.53 0.98 36.27 
Significance 0.001 0.411 0.000 
...... 
0 
Table 22. Analysis of mean dry weight (g) per stem of phragmites from quadrats clipped 
each month at varying intensities to simulate repeated muskrat grazi ng, 1980. 
Mean dry wei ght (g)/stem by clipping rate 
Month 33% 67% 100% F-value Significance 
Ju ly 5.80 3.92 0.89 17.38 0.000 
August 6.26 3.05 1.65 7.29 0.013 
September 5. 70 5.38 0.85 7.45 0.012 
F-value 0.11 1. 52 0.57 
Significance 0.90 0.27 0.59 
..., 
Table 23. Analysis of mean dry weight (g) per stem of Olney's 
bulrush from individual exclosures clipped each month 
at varying intensities to simulate repeated muskrat 
grazing, 1980. 
Mean dry weight (g)/stem by clipping rate 
Clipping 
Rate July August September 
33% 0.78 0.82 
67% 0.45 0.61 
100% 0. 52 0.39 
F-value 1.333 3.472 
Significance 0.31 0.080 
Table 24 . Results of a split plot randomized block analysis of 
of variance on the number of Olney's bulrush stems 
present in the same quadrats at the beginning of the 
1979 and 1980 simulated-grazing experiments. 
Date 
1979 
1980 
F-value 
Significance 
Mean number of stems/quadrat 
0% 
242.3 
275.5 
33% 
212.0 
282.8 
0.89 
0.45 
67% 100% 
230.3 182.3 
297.3 253.5 
F-value & 
Significance 
7.69 
0.011 
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A split-plot analysis of variance (Steel and Terrie 1980) 
was used to assess any difference between the initial number of 
stems present in the 16 plots in 1979 and those in the same plots 
at the beginning of the 1980 season. The number of stems present 
in all plots was significantly greater (P=0.011) in 1980, but 
there was no difference among the clipping rates (~=0.453), 
indicating that the clipping in 1979 had no apparent overall 
effect on the plots (Table 24). 
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DISCUSSION 
Vegetation Utilization Indices 
Vegetation utilization indices have been used as population 
indicators for several herbivorous species, particularly in the 
form of browse utilization indices for various ungulates 
(Rasmussen and Doman 1943, Aldous 1945, Cole 1959, Connolly 
1981a). Proponents of indices (Rasmussen and Doman 1943, Cole 
1959) thought the indices would be a more feasible and efficient 
technique than attempting to estimate actual population size. In 
addition, indices were initially felt to be as valid as actual 
counts in regards to population dynamics of a species and , 
therefore, were applicable for management decisions. Browse 
surveys, conducted on critical or key areas where populations 
were concentrated, were at first considered indicative of the 
entire range of the animal (Rasmussen and Doman 1943), but 
subsequent studies failed to corroborate this contention 
(Robinette et al. 1977). The primary requisite assumption 
necessary for valid application of utilization indices is that 
vegetation use is correlated with the size of the population 
(Wolfe 1976). 
The assumption that vegetation utilization reflected a 
constant proportional relationship to population levels of 
ungulates was violated when severe winters caused crowding and 
overuse of key areas or when mild winters alleviated normal 
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grazing pressure on the same areas . Because browse counts were 
conducted at the end of the winter season, utilization often 
occurred over a long period of time. Therefore, indices were 
more indicative of what the population had been, than its status 
at the time of measurement. 
Mackie (1975) noted that field personnel were becoming 
dissatisfied with browse survey results for mule deer and elk 
(Cervus elaphus). Deficiencies, inconsistencies in application, 
and lack of a consistent correlation between utilization and deer 
populations were cited as basic prob 1 ems with the technique. 
Vegetation utilization indices were found to be unreliable 
(Connolly 1981b) because disproportionate use of key areas or 
preferred species often reflected the severity of preva i 1 i ng 
weather conditions rather than actua 1 population levels. In 
addition to the inaccuracy of the relationship between vegetation 
utilization and population size, Gill (1976) hypothesized that 
winter browse was merely subsistence-level forage, not preferred 
forage as previously assumed. Wallmo et al. (1977) presented 
evidence that preferred browse species were not adequately 
nutritious to support wintering deer, a conclusion which appeared 
to corroborate Gill's (1976) assertion. 
Other factors that negated the browse-utilization indices 
for a specific ungulate species were competitive use of browse by 
herbivores other than the target species, potential of more than 
just target species consuming part of an individual plant and 
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considerable heterogeneity of available browse species. After 
nearly 20 years use, Robinette et al. (1977) suggested this kind 
of population indicator be discarded as a technique for 
population management, because of the apparent disparity between 
the index and actual utilization rates. 
Muskrat Vegetation Utilization Indices 
The decision to investigate the potential use of vegetation 
utilization indices for muskrats was predicated on the belief 
that grazing indices for this species would not be affected by 
the ambient conditions and competition that negated the 
rel at ionship between utilization levels and actual populations 
for ungulates. 
Under normal habitat conditions (i.e. when vegetation 
eat-outs have not already occurred) muskrats graze by clipping 
culms of emergent plants at or just above water 1 ine. This 
feeding behavior eliminates the possibility of multiple feedings 
on a single stem. Another favorable attribute is that, although 
muskrats consume a large variety of aquatic and semi-aquatic 
vegetation species (Willner et al. 1975) , they tend to utilize 
those species that are most abundunt and, consequently, easiest 
to obta in (Errington 1941). Since muskrats inhabit marshes that 
are often dominated by a single emergent species, the principle 
impact of muskrats would be on their major food resource . 
Therefore, the confounding effects of a diverse diet would be 
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minimized. 
Another important aspect regarding potential use of the 
indices in general, is that muskrats have no ecologically 
equivalent competitors for their food resources (Pelikan 1978); 
therefore, any measured grazing is attributable solely to 
muskrats. The utilization indices would be designed to be 
measured when food resources are at or near maximum for muskrats; 
in late sulllller or fall. 
Finally, the time interval incorporated by the indices would 
be only a matter of days, not months, so the indices would 
reflect the present population. Despite all the factors that 
previously have been shown to invalidate utilization indices for 
ungulates, the applicability of such an index for muskrats still 
seemed an appropriate method for determining population levels. 
Food Habits. The initial expectation for testing the 
utilization indices was that muskrats were feeding primarily on 
Olney's bulrush in Harrison Unit. Scirpus spp. have been shown 
to be a major component of muskrat diets either as the primary or 
secondary resource when it is available in quantity (Willner et 
al. 1975). This expectation was borne out by the stomach 
analysis for 1979 and 1980 (Table 7). Olney's bulrush was a 
major component of the diet even in the Y and Z enclosures where 
coverage of Olney's bulrush was less than 3% (Table 3). 
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Although considered phragmites to be a potential, 
secondary food resource as did Aldous (1947) and Mcleod (1948), 
initial investigation indicated that comparatively 1 ittle 
phragmites was grazed along transects. In addition, analysis of 
stomach contents (Table 7) showed that phragmites never 
constituted more than 48% of the diet even though it was the most 
common species found in the diet in Y and Z enclosures. 
Freeman (1945) found that phragmites was utilized only when 
other foods were scarce and Bednarik (1956) noted that muskrats 
found in association with phragmites were in poor condition. 
Takas (1947) recorded that muskrats did not appear to select 
forage species out of proportion to their availability, implying 
a lack of preference. However, in the X enclosure, where both 
phragmites and Olney's bulrush were very abundant and accessible 
to the muskrats (Fig. 4), consumption of Olney's bu l rush was 4-6 
times greater than that for phragmites. Although not directly 
quantified, the stomach analyses indicated a preference for 
Olney's bulrush. This preference was not surprising in light of 
the numerous studies indicating that Olney's bulrush is 
associated with high muskrat producing areas (Bailey 1937), 
higher survival of juvenile muskrats (Welch 1980), and with 
heavier muskrats (Dozier et al. 1948) . 
Vegetation utilization indices are based on the key species 
concept (Carpenter and Wallmo 1981) for providing relative 
information between animal numbers and amount of food utilized. 
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A key species is defined as the most important forage species in 
terms of quantity consumed (Stoddart et al. 1975). Although 
phragmites was, by the above definition, a key species in Y and Z 
enclosures, its status was an artifact of the paucity of Olney's 
bulrush, a condition not indicative of the rest of the marsh. 
Olney's bulrush data collected in theY and Z enclosures were 
analyzed by the same procedures used for X enclosure data (Tables 
14 and 15). Estimates of stems grazed muskrat-1 indicated no 
consistent pattern and ranged from a low of 49.9 (Y enclosure, 
August) to an unrealistic high of 683.0 stems muskrat-1 day- 1 (Z 
enclosure, July) in 1980. These inconsistencies were undoubtedly 
due to a preference for Olney's bulrush, which was limited in 
quantity in comparison to the normal marsh habitat in Harrison 
Unit (Table 3). The situation was analagous to severe 
over-crowding, a condition that has been shown to invalidate 
browse utilization estimates (Edwards 1956) 
population levels. 
for assessing 
Dispropotionate use of Olney's bulrush in relation to its 
abundance, created an unmeasurable bias in the estimates for Y 
and Z enclosures. Because these enclosures were indicative of 
severe, muskrat-induced habitat deterioration, a situation beyond 
the need for precise population - habitat related indices for 
management decisions, they were eliminated from the analysis 
designed to determine the relationship between muskrat 
populations and vegetation utilization. 
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Cover measurements of Olney's bulrush in X enclosure were 
between 22% and 27% in 1980 (Table 3). These measurements were 
of stem density (i.e. basal area covered by the plant stems) 
and, therefore, a conservative measure of actual cover density 
(i.e. canopy cover) as described by Daubenmire (1968). Actual 
Olney's bulrush coverage, when assessed in the same qualitative 
manner as used by Weller and Spatcher (1965) to describe a 
hemi-marsh, was closer to 40-50% (Fig. 4). Coverage was 
considered to be qualitatively the same for both years. 
Since cover measurements in X enclosure were not taken 
during 1979, stomach analysis data were used to infer any 
substantial change in 
decreases during 1980 
available forage. There were small 
in percentage 
Olney's bulrush and phragmites and an 
of the diet comprised by 
increase in minor food 
resources, particularly wigeon grass and saltgrass. This shift 
was attributed to the initial dietary habits of the muskrats when 
released into the area. Experimental animals had been collected 
in a portion of the refuge primarily devoid of emergent 
vegetation; presumably, therefore, these muskrats were acclimated 
to feeding on wigeon grass and saltgrass 
Regrowth Rate. After preliminary transects were conducted 
in July 1979 in Z enclosure, it became apparent that regrowth of 
grazed stems could affect stem counts. In 1979, stem-length 
categories (5 em) were chosen to eliminate potential effects of 
stem growth after grazing. A preliminary analysis of the 1979 
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regrowth data (McCabe and Wolfe 1981} revealed a mean regrowth 
rate approximating 1.0 em day-1 . 
Because of the high variability noted in regrowth rates in 
1979, primarily due to non-growing clipped stems, the regrowth 
rate was measured monthly in 1980. Although no stem length 
category could be directly related to a time period (Table 11}, 
observations of stem conditions after clipping were noted and 
perm itted selection of a time period and stem length category. 
The transect data for 1980 had a slightly finer calibration (3 
em} in an effort to allow closer correlation of growth rates to 
time period. The 0-3 em length category incorporated between 75% 
and 97 % of the stems clipped during any given 5-day period 
between July and October 1980 (Fig. 9}. The 0-6 em category 
included nearly all of the clipped stems , but the possibility of 
including clipped stems that were in the 3-6 em length and were 
clipped more than 5 days previously, was very high. 
Another assumption critical to vegetation utilization 
indices is that mean daily consumption of the key forage species 
is constant over the time period of the estimate (Connolly 
1981c}. In analyzing the data for both 1979 and 1980, 5 days 
were considered to be the maximum time interval within which 
stems could be classified as being freshly clipped. Use of 5-day 
period, although somewhat arbitrary because of the necessity for 
qualitative assessment of stem growth or deterioration, permitted 
the estimation of stems grazed muskrat-1 day- 1. No attempt was 
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made to ascertain actual consumption rate of stems in comparison 
with the estimated grazed stem count. This comparison was not 
necessary, because the relationship of actual to measured use 
need only be consistently relative (Rasmussen and Doman 1943). 
The short duration of the experiments and the continuous high 
r ate of consumption of Olney's bulrush, as indicated from stomach 
contents, supported the assumption of constancy of utilization. 
Population Levels. Live-trapping was conducted monthly in 
1979 from August to October in x·enclosure. Population density 
within the enclosure (60-72 muskrats ha-1) was extremely high for 
all 3 months of the experiment. Initial breeding density (Table 
5 ) exceeded published estimates of high density. Dozier (1948) 
considered 31 muskrats ha- 1 a level that dictated an immediate 
need for intensive trapping to prevent a serious eat-out. 
Errington (1957:295) found "cyclic high maxima" to be 49 muskrats 
ha -1, while Pelikan et al. (1970) stated the maximum level a 
muskrat population could attain was 55 ha- 1. 
Maintenance of a high population during the experiment, 
because of the enclosure, probably was responsible for the 
unexpected absence of a juvenile cohort. Errington (1943) found 
that overcrowding incited lethal aggression, with juvenile 
muskrats being at the greatest disadvantage. He also noted 
(1957) that 1 itter size, number of 1 itters, and juvenile survival 
decrease at high population levels. Sather (1958: 23), whose 
studies in Nebraska corroborated Err ington's findings regarding 
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juvenile mortality, stated that "overcrowding definitely leads to 
an intensification of intraspecific strife . " 
Population levels for X enclosure in 1980 were initially set 
at a high level (Errington 1940) of approximately 24 animals 
h -1 a . Densities determined, by kill-trapping, for the 
experimental period varied from 20-27 muskrats ha-1. Effects of 
the differing population levels in 1979 and 1980 were evidenced 
in the number of grazed stems counted per area sampled (Table 
13). 
As stated above, the basic premises for vegetation 
utilization indices to be functional are that the measured 
vegetation characteristic be indicative of the population size 
and that it be constant at least during the period of 
measurement. Data collected for 1979 and 1980 appear to satisfy 
both of these assumptions. Regardless of the amount of area 
sampled, the time of the sampling during the growing season, or 
the density of muskrats, the grazing rates were essentially the 
same, having coefficients of variation between only 8 and 13%. A 
t-statistic failed to reject the hypothesis that the estimates 
for the 2 years were equal (~=0.70). 
In 1 ight of the relative constancy of the estimates of 
grazing rates calculated over 2 years, believe the first 
objective has been satisfied. Because a consistent relationship 
exists between muskrat density and muskrat grazing rate on 
Olney's bulrush, a reliable index can be formulated for 
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determining muskrat population size. 
Field Testing the Method. Although the experiment was not 
designed to establish a statistically reliable estimator, a field 
test using the overall mean for the estimates (23.0 grazed stems 
muskrat- 1 day- 1) was conducted to determine whether the 
experimentally measured correlation would hold with a 
free-ranging population of muskrats. Results of the field 
exercise (Table 17) indicated that the relationship between the 
muskrat grazing rates and Olney's bulrush could be used as an 
index to the population density. 
The mean value and point estimates determined during the 
experiments were not meant to be predictive values. The overall 
mean value of 23.0 grazed stems muskrat-1 day- 1, was found to be 
consistant for muskrats using Olney's bulrush at Fish Springs 
NWR, only. Whether this relationship would exist at this level 
for other localities and with other plant species is unknown. 
Variation within the sampling periods (Table 12) precluded 
formulating a significant predictor. In order to develop a 
statistically valid index, further study is necessary to 
calibrate properly muskrat population size and the number of 
stems grazed by that population over a given time period. 
Effects of Muskrat Grazing on Vegetation 
The potential catastrophic effects on marsh vegetation of 
uncontrolled muskrat populations has been well-established in the 
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1 iterature (Johnson 1925, Lay 1945a, Lynch et al. 1947, Dozier 
1947, Errington 1963, 1·1athiak 1966, Danell 1978a). Eat-outs are 
most often associated with large homogeneous tracts 
are not 
of emergent 
adequately vegetation. When muskrat populations 
controlled and their reproductive potential realized, they can 
reduce a productive marsh into a relatively non-productive, 
shallow, open-water lake in less than a year. Sipple (1979), in 
an extensive review of work done over the past 45 years on the 
Blackwater National Wildlife Refuge, Maryland, attributed the 
conversion of 800 ha of marsh to open water primarily to over-use 
by muskrats. Muskrat cycles noted by Errington (1963) were 
primarily a result of over-population that extensively damaged 
marsh habitat. Subsequently, the loss of habitat resources 
imposed severe stress on the muskrats making them highly 
susceptible to disease, starvation, and predation. 
Simulated Grazing Experiment.Because vegetation constitutes 
the basis for the utilization index and also represents a 
potential barometer of marsh condition, it was necessary to 
assess the potential effects of muskrats on the vegetation. The 
simulated grazing experiment was designed to be analogous to 
subjecting the vegetation to different muskrat densities, albeit 
without root-stock destruction. 
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The intent of the experiments was not only to determine in a 
general way whether grazing would impact Olney's bulrush and 
phragmites, but specifically to determine whether persistent 
grazing at the different intensities affected the plants' ability 
to recover. In effect, the experimental treatments were designed 
to assess what level of grazing the plants could sustain without 
serious deterioration to continued growth. 
Because the data were collected in the same plots several 
times during each summer, the samples were not independent. 
Therefore, the analysis involved all points for a repeated 
measures regression. By testing whether the shape of the curve 
or the slopes were equal, proportional recovery at the various 
clipping rates could be tested for possible differences. 
Response to Simulated Grazing. Analyses for 1979 and 1980 
data (Tables 18 and 19) show that the mean plant response to the 
different clipping levels was significant in all cases (P<0.05). 
During both experimental seasons, the 0% clipped plots of Olney's 
bulrush had an initial increase in growth of stems, then a 
moderate decline in the number of 1 ive stems (i.e. aerial green 
stems) from August through the end of the experiment (Figs. 11 
and 12). Light clipping (33%) indicated a similar trend during 
the first month of 1980, but then a slightly greater loss of 
stems for the rest of the summer. Both the 67% and 100% (heavy 
and complete grazing) clipping rates were followed by an 
immediate decline in the number of stems during both years. The 
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1979 enclosure and 1980 individually enclosed plants {Fig . 13) of 
Olney's bulrush were initially clipped in July at a time when 
annual growth of the plants is normally waning. Subsequently, 
the number of stems at all the clipping rates declined. 
Olney's bulrush will flower from June through September 
{Tatnall 1946), with the majority of the seeds being set by early 
July {Palmisano 1967). Both Allan and Anderson (1955) and Lay 
{1945b) found that Olney's bulrush grew best during the cooler 
spring months, but grew very little in hot summers. The Olney's 
bulrush observed at Fish Springs NWR appeared to grow through 
mid-July, then above-ground growth diminished. 
The mean number of phragmites stems in control plots in 1979 
increased from July to August, but stabilized thereafter 
(Fig. 14). In contrast, the mean number of stems for the 0% 
clipped in 1950 remained essentially constant throughout the 
summer (Fig. 15). All plots subjected to clipping were unable to 
recover substantially even after the first cutting. 
Phragmites is apparently unable to respond to clipping, 
because its emergence period for buds is very short and occurs 
early in spring {Haslam 1969a). As the weather warms, internal 
dormancy of buds prevents emergence of new aerial shoots. Fire 
or frost can break the buds' dormancy after the emergence period, 
but grazing will not. If grazing occurs after the emergence 
period " the replacement shoots are sparser than the original 
crop, and once it is ended hardly any replacements arr ive" 
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(Haslam 1969a:300). 
Yield, measured as mean dry weight (g) stem-1, is considered 
by Kershaw (1973:20) to offer a reliable and absolute 
measure of ... vigour of a species." The yield analysis for the 
Olney's bulrush exclosure (Table 20) in 1980 also illustrated 
that clipping has an effect on the plants' productivity. 
Significant differences (~<0.03) of mean stem weights within 
months were noted for all 3 months, with stem weight being 
inversely correlated with clipping rates. Within clipping rate 
differences clearly reflected the level of clipping that Olney's 
bulrush could tolerate without adverse effects. Mean stem weight 
at the 33% clipping rate increased significantly (~<0.001) during 
the growing season desp·ite periodic cutting. At 67%, stems never 
adequately overcame the effects of cutting although a slight 
increase in weight was noted (Table 20). The 100% level of 
per iodic clipping reduced stem growth to near 0 by September, a 
s ign ificant reduction (~<0.001) in mean stem weight over time. 
For the individually enclosed Olney's bulrush plants, the 
effects of clipping were not as clearly defined (Table 22). 
Plants were initially clipped in July . Therefore, the first 
yield comparisons were not made until August when growth was near 
minimum (Fernald 1950). Differences approached significance 
(~<0.09) among clipping rates within September, but no 
differences were detected within rates for the 2 months. 
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Analysis of yield data for phragmites (Table 21) confirmed 
the findings indicated by the previous analysis of mean number of 
stems. Phragmites has an initial growth period in spring with 
little continued growth, particularly of new stems thereafter. 
Among the clipping rates within months, there were significant 
differences (~_<0.013)), but none was evident within a clipping 
rate. Within clipping rates values reflected 
probability of including small stems that 
advanticious buds below the clipped ends than 
more the 
sprout from 
it reflected 
reduced production over summer. These stems are short-lived and 
are susceptible to shading, which reduces growth (Haslam 1969b). 
Grazing~ Phragmites. Actual grazing of phragmites at Fish 
Springs NWR by muskrats was relatively limited. Only those 
muskrats retained within Y and Z enclosures utilized phragmites 
and that was due primarily to lack of 01 ney' s bulrush for 
feeding. As noted previously, phragmites has not been found to 
be a key muskrat food resource unless other more preferred 
species have been eliminated. Pelikan (1978) found, in a reed 
swamp in Czechoslavakia where phragmites and cattail existed in 
equal quantity, that muskrats utilized as much as 11 times more 
above ground biomass of cattail. 
Although smaller rodents and various invertebrates might 
consume phragmites, no other larger herbivores appear to use 
maturing stems as a major food species. Haslam (1969a) noted 
that cutting, a more thorough form of grazing, if repeated 
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throughout the 
Cutting during 
summer would depress a stand of phragmites. 
the period of initial growth does not affect the 
plants' continued 
substantially reduces 
growth. Cutting after this 
the photosynthetic capabilities 
period 
of the 
stand, since stems are not replaced. Because muskrats use 
phragmites only sparingly, the clearing effects of cutting would 
not be imposed. Consequently, muskrat grazing on this species 
would have 1 ittle detrimental effect. 
Grazing of Scirpus. Analysis of the carry-over effect of 
aerial stem grazing conducted in the Olney's bulrush exclosure 
(Table 23) indicated that there was no difference within and 
among the clipping rates between years (£:0.45). However, it did 
show that a significant (~<0.02) increase occurred in the mean 
number of stems per clipping rate. One could infer from these 
data that grazing Olney's bulrush stems at all levels of 
intensity had a short-term stimulatory effect on growth of the 
plants. In fact, this would not be the case, particularly at 
higher grazing intensities. If the plants were heavily grazed, 
their ability to produce would decrease substantially, and the 
muskrats would begin to consume the shallow-rooted rhizomes (Lee 
et al. 1976). This, in turn, would create an eat-out by 
elimination of the plants altogether. The potential long-term 
effects of heavy grazing would be deterioration of marsh habitat 
by creation of large open bodies of water (Roby 1974) or invasion 
of less desirable plant species to the exclusion of Olney's 
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bulrush. 
Olney's bulrush has been considered by different researchers 
as both a subcl imax (Hoffpaur 1961, Joanen and Glasgow 1965, 
Perkins 1968} and a discl imax (Penfound 1952} vegetation type; 
the former preceding climax species, the latter following 
perterbation of the climax species (Oosting 1956}. Both 
conditions can be maintained by extrinsic factors (i.e. fire, 
mowing, grazing}. When the Olney's bulrush is eliminated, other 
species will often replace it. At Fish Springs NWR, Bolen (1964} 
asserted that Olney's bulrush was a climax species forming 
closed, homogeneous stands. Nelson (1954} also characterized 
Olney's bulrush in Utah as forming dense closed stands, which 
eliminate competition from other vegetative species. 
According to Lay and O'Neil (1942}, once the stands are 
opened, Olney's bulrush can be outcompeted by other species such 
as salt-meadow grass (Spartina patens}. My observations at Fish 
Springs indicated that after a muskrat eat-out alkali bulrush 
invaded. 
At light (33%} grazing rates, stimulated growth might indeed 
occur. Ranwell (1961} noted that non-destructive grazing 
increased the stem density in salt marshes up to an order of 
magnitude. Reimold et al. (1975} also found, during a simulated 
grazing study on salt marsh vegetation, that if moderately 
grazed, vegetation is stimulated to grow. They recorded 
increases in both stem density and mean dry weight biomass over 
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that of control plots. While discussing the potential of 
herbivore grazing at different intensities, Odum (1971:418} 
stated that" ... the light intensity use, in which about a third 
of the net production is removed by grazing, is the optimum use 
Allan (1956} found that light cattle grazing enhanced 
Olney's bulrush production, but that it was destroyed when 
over- grazed. Chabreck (1968} noted s imilar effects during his 
study of cattle grazing in a Louisiana marshland. 
Analysis of the exclosure data indicated the effect of 
varying intensities of simulated grazing was significant for both 
Olney's bulrush and phragmites for both years, implying that 
higher densities of muskrats can potentially affect the 
productivity of the 2 plant species by more intensive grazing 
pressure. These conclusions satisfy the second objective of the 
study. Understanding the effects imposed by muskrats on their 
habitat is necessary to adequately assess the desired population 
level compatible with marsh management objectives. 
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MANAGEMENT IMPLICATIONS 
Muskrats are exceptionally adaptive within their semiaquatic 
environment (Errington 1941). Their populations are also 
remarkably resilient, even following attempts of eradication 
(Storer 1937) or annihilative exploitation during periods of high 
market value (Errington 1940). Sather (1958:29) noted, "Since 
very heavy house trapping did not seriously deplete breeding 
stock, perhaps it is unnecessary to develop a census method for 
general management use." Perhaps, if muskrats were the only 
species being managed in a marsh, then a laissez faire attitude 
toward harvest rates might be appropriate. In most instances, 
however, muskrat population management should be integrated 
within broader-spectrum marsh ecosystem management objectives. 
The philosophy of multiple use has been adopted in principle 
by state and federal agencies. In general, therefore, the 
present concept of single species management cannot always be 
considered in the public interest. If compatible with federal or 
state management objectives, marsh management should be directed 
toward maintaining the wetland in its most natural, diverse, and 
productive state. In this natural state, marsh succession is a 
dynamic process which is cyclic every 3-7 years depending on the 
availability of water (van der Valk and Davis 1979). An 
understanding of the dynamic forces which normally affect marshes 
and, subsequently, their productivity is necessary to formulate 
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appropriate management decisions, particularly on refuges that 
have stabl ized their water resource. 
Vegetation structure 
productivity (Beecher 1942). 
of the marsh determines its 
Weller (1978) considered muskrats 
the most important faunal species influencing marsh vegetation 
structure. By opening up dense stands of emergent vegetation, 
muskrats create a more favorable cover:water ratio for increasing 
faunal diversity. Danell (1977) found that muskrat activity in a 
homogeneous stand of horsetail (Equisetum fluviatile) increased 
vegetational diversity. Sipple (1978) speculated that selective 
feeding by muskrats on the dominant aquatic emergent reduces 
competition, therefore, allowing greater spatial heterogeneity 
and species richness within the marsh. Qualitative observations 
by Kiviat (1978) appear to substantiate Sipple's contention. 
Kiviat found that openings created by muskrat activity provide an 
opportunity for other aquatic species to persist at moderate 
densities. 
In addition to encouraging plant species diversity, the 
muskrat-induced openings are preferred by waterfowl for nesting 
(Krummes 1940, Cartwright 1946, Steel et al. 1956). Increased 
waterfowl productivity was also correlated with heterogeneity of 
ma rsh vegetation (Patterson 1974) . Work conducted by Weller and 
his associates (Weller et al. 1958, Weller and Spatcher 1965, 
Weller and Fredrickson 1974) has shown that high avian species 
diversity and productivity occurred in marshes with a cover:water 
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ratio approaching 50:50 and that loss of habitat much below that 
level reduced both the number of species present as well as the 
number of nesting individuals for a given species. 
Submergent hydrophytes are usually the immediate vegetative 
benefactors of the reduced competition for space. Danell (1979) 
found that submergents rapidly colonized areas opened by muskrat 
activity. An increase in submergents and floating-leaved 
aquatics was also documented by Weller and Spatcher (1965) 
following a decrease in emergent species. Increases in 
submergent vegetation are particularly beneficial to breeding and 
brooding birds, because this 1 ife form is not only includes 
several important food species for waterfowl, but is a necessary 
substrate for many invertebrate groups. 
Most marsh-related avian species rely on invertebrates as a 
major food resource (Voigts 1973). Several studies have 
documented the importance of invertebrates for brood-rearing 
waterfowl (Krull 1970, Krapu 1974). Nelson (1982) speculated 
that invertebrate abundance would be increased by the increase in 
emergent detritus from muskrat feeding activity. Danell 
(1978b:138) also noted that the increase in the water:cover 
interface created by muskrats "... increases the possibility for 
the ducklings to exploit the invertebrate population present 
within the dense stands of emergent hydrophytes." 
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The role of the muskrat in creating the hemi-marsh is well 
documented. Equally well known are the effects on marsh 
vegetation when muskrats are not regulated properly. Even if 
muskrat populations are exploited so as not to exceed the 
capacity of their supporting vegetation, the hemi-marsh condition 
is transitory. Insect damage, senescence, and degradation due to 
vagaries of weather will advance the marsh to the open-water 
phase. 
In nature, the rejuvenation of the marsh cycle can occur 
through drought. In situations influenced by humans, such as 
refuges with water control capabilities, droughts can be induced 
by drawdown. Drought allows germination of both annual and 
perennial plants from seeds. Scirpus spp. have been found to 
germinate on exposed mudflats (Harris and Marshall 1960, Linde 
1963, Kadlec and Wentz 1974), but are inhibited from germinating 
in as 1 ittle as 3 em of water (Palmisano and Newsom 1967). Typha 
spp . germination is a 1 so enhanced by drawdown, but wi 11 occur 
only if the soil remains moist (Nelson 1954, Kadlec 1961, Nelson 
and Dietz 1966). Vegetative growth of both of these important 
species is improved at lower water levels (Ross and Chabreck 
1972, Weller 1975). Once revegetated, a marsh will again attract 
muskrats and the process of creating the hemi-marsh can begin 
anew. 
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For multiple-use management, most benefit should be derived 
when the marsh is at or near its highest productivity and its 
maximum floral and faunal diversity. To induce and then prolong 
this period, muskrat populations should be managed skillfully. 
In the initial phases of the marsh cycle, trapping should be 
1 imited so that the muskrat population is allowed to expand. By 
the second or third year of the cycle, muskrat population growth 
should be checked by intensive trapping. Because an adult female 
muskrat can produce an average 1 itter of 5.4 young an average of 
2.5 times a year, the potential exists for a 15-fold increase 
from spring to fall. Trapping rates in excess of 75% may be 
necessary to reduce the population to a level that will prevent 
over-use of the marsh vegetation. Trapping should begin during 
the early part of fall (i.e. late September or early October). 
Although this is not the optimum time for market trapping 
muskrats, because size and primeness are not maximized (Aldous 
1947), it is the time muskrats can do their greatest damage. 
House building and increased consumption of root stocks occur 
when the population is reaching it annual maximum in the fall. 
Reducing the population before extensive damage occurs will 
permit maintenance of the hemi-marsh condition. 
A valid vegetation utilization index for muskrat density 
would provide a manager with the 2 critical pieces of information 
necessary to implement adequate management procedures. By 
knowing both the relative size of the muskrat population and the 
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exact condition of the marsh vegetation, trapping quotas can be 
determined that will ensure the continuation of a productive 
marsh. An understanding of the dynamics of a marsh community and 
how the endemic processes function will allow managers to utilize 
natural phenomena to benefit the environment. 
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FUTURE RESEARCH 
Results from these experiments indicated that the requisite 
assumption for a valid index was met for the relationship between 
muskrat density and Olney's bulrush at Fish Springs NWR. 
Therefore, the potential for developing a statistically viable 
index should exist. 
Vegetation utilization indices can provide data on 2 
integral aspects of marsh condition simultaneously; therefore, 
believe the development of a valid index merits further research. 
The initial phase of research should concentrate on validating 
the index with Olney's bulrush in conditions similar to those 
described for Harrison Unit. If the index is functional under 
those conditions, then research should be directed toward 
different marsh habitats. 
I would recommend that the initial research effort be 
directed toward the following objectives: 
1) replicating the grazing trials to verify 
the rate of consumption and to reduce as 
much as possible the sampling variance, 
2) determining a more accurate criterion for 
including grazed stems in the counts, 
3) testing the grazing rate in a broader range 
of vegetation cover (i.e. 25-100% cover). 
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Because Fish Springs provided a unique area for 
investigation, continued research should focus on the 
applicability of the index in other situations: 
1) in a marsh where a different emergent 
species is the key forage resource, 
2) in a marsh where house building rather 
than bank dens predominates. 
A muskrat population index/vegetation assessment technique 
would be an invaluable tool for marsh management. Whether the 
vegetation utilization index discussed here is proven reliable or 
not, I believe it is necessary to continue attempting to develop 
practical, statistically reliable techniques for application by 
professional field personnel. 
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